surements and SASSS scores were not significantly different between active (n = 10) and inactive (n = 11) patients. Conclusion: Significant increase in spinal BMD in parallel with increased SASSS revealed that spinal involvement prominent with new bone formation, sclerosis and syndesmophytes may influence spinal BMD measurements using DXA methods in AS. Proximal femur measurements seem to be less affected from disease-related new bone formation.
jection: spinal measurements in AS patients may be artificially increased as a consequence of ligamentous calcifications or sclerosis of the vertebral margins or end plates [1, 4, 6] .
Previous studies showed changes in bone mineral density (BMD) in AS using DXA methods [1] [2] [3] [4] [5] [6] [7] ; however, it is quite important to show changes in BMD in longitudinal design, particularly paying attention to the disease outcome during the follow-up period. In this study we planned to follow up patients for 2 years and re-analyze subgroups who maintained a Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) score less than or more than 4 during this period. This is the major difference of our study compared to the previous studies, which give the longitudinal results regardless of disease flare or remission during the course of follow-up.
The aim of this study was to assess BMD using DXA in a group of patients with AS and the factors which have an impact on bone mass. Also, a subgroup of patients who were not treated with anti-osteoporotic or disease-modifying anti-rheumatic drugs (DMARDs) was followed for 24 months to assess weighted factors on BMD changes.
Subjects and Methods

Patients
The study group consisted of 55 patients (42 males, 13 females) with AS who fulfilled modified New York criteria for the classification of AS [9] . All patients attending our outpatient clinic from primary care facilities were consecutively recruited. Exclusion criteria were patients with any other form of spondyloarthropathy (including AS secondary to inflammatory bowel disease or psoriasis), or had a history of neuroendocrine disorders (thyroid or parathyroid disorders, anticonvulsant usage, etc.), chronic renal or liver diseases, systemic high-dose corticosteroid usage, excessive alcohol intake. Clinical assessment included demographic data (age, gender, height, weight, body mass index in kg/m 2 ) and patients were assessed for normal vitamin D status. Disease duration was defined as the time elapsed between the onset of first disease-related symptom and enrollment. Patients' detailed drug histories were obtained. All the women included in the study were premenopausal.
Patients were taking various drug treatments at the time of the baseline measurements, as follows: 13 patients were taking nonsteroid anti-inflammatory drugs (NSAIDs), 5 sulfasalazine (SLZ), 4 methotrexate (MTX), 3 SLZ + MTX, 14 combination of SLZ or MTX with NSAIDs, and 16 were drug-free. Patients were examined by the same researcher (A.K.) after providing written informed consent. Clinical examination and measurements of functional ability and disease activity were carried out. Routine anthropometric measurements consisted of chest expansion, lumbar Schober test, finger-to-floor distance, and occiput-to-wall distance. Peripheral joint involvement was noted. BASDAI [10] , the Health Assessment Questionnaire -Spondyloarthropathies, and the Bath Ankylosing Spondylitis Functional Index (BASFI) were performed [11, 12] . BASDAI is a composite index and a widely used subjective measure of disease activity that has been valid, reproducible and responsive to change. This index evaluates disease activity using a composite measure of fatigue, axial and peripheral pain, stiffness and enthesopathy. The cut point for disease activity is accepted as a score of 4 [10] . Patient's global assessment of disease activity and pain in the last 2 days was measured on a 0-10 cm visual analogue scale (VAS-global). Erythrocyte sedimentation rate (ESR; Westergren method) and C-reactive protein (CRP; nephelemetric method, mg/l) were also measured.
Patients were classified as having active disease or inactive disease/low activity regarding BASDAI scores 6 4 or ! 4. All 55 patients were followed for 24 months, and 21 of these (13 males, 8 females) who did not use disease-modifying anti-rheumatic drugs or other drugs that interfered with bone metabolism and maintained a mean BASDAI score 6 4 or ! 4 throughout the 24 months of follow up were analyzed for clinical, laboratory and BMD measurements.
Bone Mineral Density Measurements
Diagnosis of osteoporosis in patients was based on WHO criteria established for osteoporosis in women (T scores less than -2.5 in one region in lumbar spine or proximal femur) [8] . Male patients were also categorized using the same criteria since there is still no internationally accepted consensus for osteoporosis in men. Lumbar spine (anterior-posterior) and proximal femur BMD were measured using DXA on a Lunar DPX densitometer (Lunar, Madison, Wisc., USA). Values for results of DXA measurements were expressed as BMD (g/cm 2 ) and T score of young adult healthy reference population, as supplied by the manufacturer (Lunar). Short-term precision for spine and femur neck measurements had a coefficient of variation of 2.1 to 2.3%. A significant change in DXA was defined as greater than percent coefficient of variation (2.8 ! precision of the measurement).
Study groups were classified according to the following criteria: normal = patients whose T score was 6 1 SD on L2-4, femur neck or total femur with normal BMD; osteopenia = patients with T score in these regions between -1 and -2.5 SD; osteoporosis = patients with T score on L2-4, femur neck or total femur less than -2.5 SD.
Radiological Scoring
Lumbar lateral radiographs were scored using a detailed scoring method assessing the corners of the vertebrae by the same clinician (S.O.). The Stoke AS Spinal Score (SASSS) included the anterior and posterior sites of each lumbar vertebra [13] . Each corner was scored for the presence of squaring, sclerosis, erosions, syndesmophytes and bridging syndesmophytes. The maximal score was 72. For the longitudinal study this scoring was executed for the lumbar spine radiographs taken at baseline and after 24 months.
Fasting blood samples were obtained, and sera were submitted for routine biochemical analysis, including total calcium and alkaline phosphatase, and inorganic phosphate, determined by chemiluminescence (Immulyte 2000; DPC, Los Angeles, Calif., USA), and vitamin D metabolite 25-hydroxyvitamin D (25(OH)D; Chromysystems Instruments and Chemicals, Munich, Germany), using high performance liquid chromatography.
Statistical Analysis
Statistics Package for Social Sciences (SPSS Inc., Chicago, Ill., v. 16.0) was used for statistical analyses. Results are expressed as means 8 SD. Percent change in BMD at the spine and hip during the 24-month follow-up was calculated as: (BMD at 24 months -baseline BMD)/baseline BMD. Differences between active and remission groups at baseline were assessed using Mann-Whitney U test. Baseline and follow-up differences were assessed using Wilcoxon test. Pearson correlation coefficients were used to analyze the relationship between parameters. Twotailed p values of ! 0.05 were considered statistically significant. Multivariate linear regression analysis was used to estimate the independent effects of some clinical and laboratory variables on BMD. Multicollinearity of independent parameters was analyzed using multicollinearity diagnostics tolerance value and variance inflation factor.
Results
Demographic, clinical and radiographic characteristics of the patients are shown in nia and osteoporosis concerning T scores of hip (0.035, p ! 0.05; fig. 1 ).
All of the patients had normal levels of 25(OH)D. None had deficiency ( ! 10 ng/ml) or insufficiency ( ! 20 ng/ml) for 25(OH)D. The serum markers of bone metabolism (serum calcium, inorganic phosphate and alkaline phosphatase) were within the normal limits in all of the patients with AS. In patients, baseline levels for mean serum calcium level was 9.61 8 0.81 mg/dl, mean serum inorganic phosphate level was 3.47 8 0.56 mg/dl and total se rum alkaline phosphatase level was 107.06 8 28.00 U/l.
Multiple regression analysis performed to determine independent effects of influencing factors on BMD in AS patients revealed no significant effect of age, body mass index, disease duration, lumbar Schober, BASDAI, ESR, CRP and SASSS on spinal or hip BMD measurements. However, BASFI had significant negative effect on hip BMD ( table 2 ) . Collinearity statistics revealed a lack of multicollinearity problem among the parameters tested.
Clinical data of patients (n = 21) who were included in the follow-up study are shown in table 3 . Menopause did not occur in any of the female patients during follow-up. Age and disease duration were not significantly different in patients with active and those with inactive disease ( table 4 ) . Follow-up data revealed a 3.4% increase in spinal BMD but 0.9% and 0.25% decreases in femur neck BMD and total femur BMD, respectively, in the whole group after 24 months. A significant increase was observed in 7 (33%) patients in spinal BMD and significant bone loss in 5 (23%) patients in hip BMD. Spinal BMD significantly increased in both groups of patients who maintained an active or inactive disease during the course of follow-up, however only total femur BMD significantly decreased in patients with clinically inactive disease ( table 3 ; fig. 2 and Schober scores were similar in both groups ( table 4 ) . There was no significant relationship between percent changes in SASSS and BMD values.
Discussion
Our results showed that patients with ankylosing spondylitis continued to lose BMD, which was detected at the hip measurements of DXA rather than spinal measurements. However, percent changes in BMD were not significantly different between patients with active and inactive disease. The frequency of having osteoporosis, osteopenia and normal BMD categorized according to T scores at the spine revealed a similar distribution between patients with active and inactive disease. However, for T scores at the hip, there was a shift towards increased frequency of osteoporosis in patients with active as compared to those with inactive disease ( fig. 1 ) . Spinal BMD significantly increased in both groups of patients with active and inactive disease. Although detrimental effects of active disease in AS has been considered to be more prominent at the spine, bone loss related to disease activity seemed to occur at the hip rather than spine. This is conceivable because detrimental effects of the disease activity present themselves with enthesitis of the vertebral margins, sclerosis of vertebral end-plates, syndesmophyte formation, interapophyseal joint and interpedicu- lar joint ankylosis that artificially increased DXA measurements. Our data confirmed the previous studies that BMD measurements of the spine are unreliable in assessing osteoporosis [1, 3, 5, 6] . Accordingly, Donnelly et al. [4] showed lower BMD at the spine in patients with early AS compared to the patients with advanced disease, suggesting the role of syndesmophyte formation in artificial BMD increase at the spine. Lee et al. [6] reported that the BMD values in the late stage were higher with DXA and lower with quantitative CT. They decided that quantitative CT is more useful than an antero-posterior lumbar DXA in late-stage AS patients.
In some of the controlled studies, BMD at the spine and hip was reduced in AS compared to healthy controls but in mild disease rather than severe cases in whom spinal BMD has been reported to be similar to or higher than controls [2-4, 14, 15] . Two longitudinal studies in early AS have shown that spine and hip BMD decreased predominantly in patients with active disease [16, 17] . Maillefert et al. [16] showed decreased BMD at the femur neck but unchanged at the spine after 24 months of follow-up in AS excluding patients with syndesmophytes. The authors concluded that bone loss in their patient group was related to persistently elevated ESR, indicating the role of inflammation in bone loss. Similar observations have been suggested by Gratacos et al. [17] who found significant bone loss in AS patients with active disease. However, evaluating disease activity in AS is much more challenging with respect to other inflammatory arthritis due to the lack of a comprehensive relationship between laboratory variables (acute-phase reactants), clinical variables and imaging with the disease process [18, 19] .
In this study we found that BMD increases in both active and inactive patients in the lumbar spine, which was in contrast to the results of Maillefert et al. [16] who reported unchanged BMD in the lumbar spine and Gratacos et al. [17] who reported significant loss at lumbar spine in patients with early active disease. Our study revealed significant loss in femur BMD in the inactive patient group in contrast to the results of Gratacos et al. [17] and Maillefert et al. [16] who reported significant bone loss in the femur BMD in active patients. This discrepancy between results may be related to the fact that the previous studies used CRP or ESR whereas we used BAS-DAI as the disease activity criteria for a sustained remission or active disease during follow-up. BASDAI is a composite index to better estimate sustained disease activity or inactivity during follow-up. BASDAI scores also make it possible to evaluate and score spinal pain and stiffness, which was highly important to understand the effect of disease activity on BMD at measured sites.
The etiology of osteoporosis in AS is still not clear. Inflammatory activity and mediators certainly have significant roles in the development and maintenance of BMD loss in AS. It has been suggested that local or systemic inflammatory cytokine release might be implicated in bone loss. This bone loss could be related to an increase in bone resorption and correlations have been established between some biochemical markers of bone resorption on one hand, and ESR and CRP level on the other [17, 20] . Among factors which can influence bone resorption and osteoclast activity, TNF␣ plays a prominent role [21] . Other probable pathogenetic mechanisms are genetic predisposition and impaired calcium and vitamin D absorption related to chronic inflammatory intestinal lesions [22] . Gratacos et al. suggested the role of IL-6, and increased BMD with anti-TNF treatment has been reported, indicating the role of inflammatory cytokines in BMD loss in AS [17, 21, 23] . On the other hand, immobility and decreased physical activity also have an important role in the development of osteoporosis in chronic diseases. Our study revealed a significant negative relationship between BASFI and BMD in AS patients, which indicated a decisive role for mobility.
Regular use of some NSAIDs has been suggested to be related to higher BMD in males and females in vivo [24] [25] [26] . These drugs inhibit prostaglandin synthesis, which has anabolic effects on bone [24] [25] [26] . Sixteen patients (76%) continued NSAIDs during the 24-month follow-up period in our study. However, our data was inconclusive on the effect of NSAID use on BMD. 
Conclusion
Significant increases in spine BMD in parallel with increased SASSS revealed that prominent spinal involvement with new bone formation, sclerosis and syndesmophytes may influence spinal BMD measurements using DXA methods in AS. Proximal femur measurements seem to be less affected by disease-related new bone formation.
